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理对秋茄（Kandelia candel）、木榄（Bruguiera gymnorrhiza）、白骨壤（Avicennia 
marina）和桐花树（Aegiceras corniculatum）四种红树植物叶片渗透调节特征的
影响；分析了不同浓度 NaCl 处理 45 d 后三种红树植物（秋茄、桐花树和木榄）
叶片的蛋白质组；研究了模式植物拟南芥 Na+/H+逆向转运蛋白 AtNHX2、
AtNHX3、AtNHX5 和 AtNHX6 的亚细胞定位。主要结论如下： 
1. 本实验对不同盐浓度处理下四种红树植物幼苗叶片的渗透调节机制进行
了研究。实验中分别采用无盐（0 mM NaCl）、中等盐度（200 mM NaCl）和高盐
度（用 500 mM NaCl 处理秋茄、木榄和桐花树；600 mM NaCl 处理白骨壤）三










































2. 通过双向电泳分离及质谱分析鉴定，对 0 mM、200 mM 和 500 mM 三种
不同浓度 NaCl 处理 45 d 后红树植物（秋茄、桐花树和木榄）叶片的差异蛋白质
组学进行了研究，这是首次对秋茄和桐花树蛋白质组研究的报道。结果表明，不
同浓度 NaCl 处理导致三种红树植物的 2-DE 凝胶表达图谱发生了变化，其中秋
茄叶片中有 22 个蛋白质表达量改变，桐花树和木榄叶片中分别有 21 个和 22 个




SNARE 蛋白可能通过在盐处理下降低表达而减少 ROS 对液泡的伤害，从而提高
桐花树的抗盐性。 
LC-MS/MS 对木榄叶片差异表达的 10 个蛋白质进行了成功的鉴定，结果表
明，chCpn60、Rubisco 活化酶（Rubisco activase，RCA）、HSP、谷胱甘肽转移
























3. 研究了模式植物拟南芥 Na+/H+逆向转运蛋白 AtNHX2、AtNHX3、AtNHX5
和 AtNHX6 的亚细胞定位情况，以便为研究红树植物的 Na+/H+逆向转运蛋白提





AtNHX2-YFP 和 AtNHX3-YFP 发现，AtNHX2 和 AtNHX3 主要定位于液泡膜；
对洋葱表皮细胞和拟南芥植株中表达 AtNHX5-YFP 的观察发现，AtNHX5 没有
定位于质膜或液泡膜，可能在内涵体/液泡前体等内膜系统上。AtNHX5 在洋葱
细胞和拟南芥细胞中运动或沿类似 TVS（Transvacuolar cytoplasmic strand，TVS）
的结构运动，表明 AtNHX5 可能对囊泡运输的调控起重要作用。AtNHX6-GFP
在洋葱表皮细胞中瞬时表达和拟南芥中稳定表达的 GFP 荧光都较弱，而构建的






























Mangroves are the characteristic intertidal plant formations of sheltered tropical 
and subtropical coastlines. They form unique mechanisms of salt tolerance as they 
grow in high salinity environment. Four kinds of mangroves, Kandelia candel, 
Bruguiera gymnorrhiza, Avicennia marina and Aegiceras corniculatum were used to 
analyze osmotic adjustment traits under NaCl treatment; differential expression 
proteomics of three mangroves, K. candel, A.corniculatum and B. gymnorrhiza, under 
NaCl treatment were investigated; subcellular localization of Arabidopsis Na+/H+ 
antiporter (AtNHX2, AtNHX3, AtNHX5 and AtNHX6) were studied as a clue for the 
future studies about mangrove Na+/H+ antiporter. The main results were showed as 
follows: 
1. The osmotic adjustment characteristics of leaves from K. candel, B. 
gymnorrhiza, A. marina and A. corniculatum were investigated under NaCl treatments 
during 45 days culture. Our results indicated that inorganic ions played the key role in 
leaf osmotic adjustment of four mangrove species, Na+ and Cl- were the most 
important ones and they contributed for more than 50% of leaf osmotic potential (Ψs). 
Organic solutes were less important and their contribution to Ψs decreased by salt 
treatments. Inorganic ions were much more significant for salt-secreting mangroves 
than for non-salt-secreting mangroves. The contribution of K+ was decreased and 
Na+/K+ ratio was enhanced by salt, while the content of K+ remained high. High K+ 
content might be the important mechanism for salt tolerance among all the mangrove 
species. Soluble sugars and K+ were the most important solutes under non-salt 
treatment, however the contributions decreased by NaCl treatments. The content of 
proline was enhanced after salt applied, but the maximal contribution was only 0.02%. 
Different mangroves had different osmotic adjustment characteristics, such as, the 
content of total free amino acids was increased by NaCl application in the leaves of K. 
















leaves. Glycine betaine (GB) accounted for only 2% to A. marina leave osmotic 
potential under all the conditions, however, it was important to cytosolic osmotic 
adjustment by indirect estimate. 
2. Differential expression proteomics of K. candel, A.corniculatum and B. 
gymnorrhiza were studied after 45 d of NaCl treatments (0, 200 and 500 mM) by 
two-dimensional electrophoresis (2-DE) and liquid chromatography-tandem mass 
spectrometry (LC-MS/MS). The results indicated the expression level of 22, 21 and 
22 proteins were changed in K. candel, A.corniculatum and B. gymnorrhiza, 
respectively, after 45 d of NaCl application. HSC70 and HSP60 were identified by 
MALDI-TOF/MS as salt-respond proteins in K. candel leaves. Ribosome inactivating 
protein (RIP) and SNARE were identified by MALDI-TOF/MS in A.corniculatum 
leaves. The expression level of RIP was enhanced when salt applied, and SNARE 
might reduce the damage from reactive oxygen species (ROS) to vacuole by 
decreasing the expression level in order to increase the salt tolerance capacity. 10 
proteins were identified by LC-MS/MS in B. gymnorrhiza leaves, including chCpn60, 
rubisco activase (RCA), heat shock protein (HSP), glutathione transferase (GST), 
short-chain dehydrogenase/reductase (SDR), actin and an unknow protein. 
3. Subcellular localization of Arabidopsis Na+/H+ antiporter (AtNHX2, AtNHX3, 
AtNHX5 and AtNHX6) tagged with green fluorescent protein (GFP) or yellow 
fluorescent protein (YFP) were studied after particle bombardment of onion epidermal 
cells and after transformation of Arabidopsis with expression constructs. Gateway 
technology was used to make the expression constructs which drove by CaMV 35S 
promoter. GFP and YFP were observed by fluorescence microscope and confocal 
microscope. AtNHX2 and AtNHX3 were both localized to the tonoplast according to 
the observation in onion epidermal cells. Onion and Arabidopsis test system were 
both used for AtNHX5-YFP construct. The results indicated that AtNHX5 was 
localized to neither tonoplast nor plasma membrane. AtNHX5 might be localized to 
endosome/prevacuolar compartment, and important in vesicle trafficking. 
AtNHX6-GFP contained full length ORF of AtNHX6 (deleted stop codon and another 
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